per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classi flea Hon 5 : 
H02J7/10 



Al 



(11) International Publication Number: WO 94/05069 

(43) International Publication Date: 3 March 1 994 (03.03.94) 



(21) International Application Number: PCT/CA92/00367 

(22) International Filing Date : 2 1 August 1 992 (2 1 .08.92) 



(71) Applicant (for all designated States except US): CANADI- 

AN INDEPENDENT POWER PRODUCTS, INC 
[CA/CA]; 7 Barrie Blvd., St. Thomas, Ontario N5P 4B9 
(CA). 

(72) Inventors; and 
(75) Inventors/Applicants (for US only) : McFADDEN, Albert, 

A. (CA/CA]; 6 Applcwood Lane, Dartmouth, Nova Sco- 
tia B2X 2Z6 (CA). NOWICKI, Mark [CA/CA]; 32-370 
Belgrave Avenue, London, Ontario N6C 4C3 (CA). 

(74) Agent: MITCHES & CO.; P.O. Box 98, London, Ontario 
N6A 4V3 (CA). 



(81) Designated States: AU, BB, BG, BR, CA, CS, DK, ES, FI, 
HU, JP, KP, KR, LK, MG, MN, MW, NO, PL, RO, 
RU, SD, US, European patent (AT. BE, CH, DE, DK, 
ES, FR, GB, GR, IE, IT, LU, MC, NL, SE), OAPI pa- 
tent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, SN, 
TD, TG). 



Published 

With international search report 
With amended claims. 



(54) Title: BATTERY TEMPERATURE COMPENSATING DEVICE FOR BATTERY RECHARGING SYSTEMS 




(57) Abstract 
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(R) and the device maintains the float voltage on, for instance, a 48V battery string (B) at the manufacturer's recommended 
charge rate, having a deviation or slope, of 72 mV for every °C of temperature change about the reference voltage 25 °C of the 
string (B) or single battery (BAT); hence, life expectancy of each battery (BAT) of the string (BB) for the full life term of 10 years 
may be more adequately achieved. 
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BATTERY TEMPERATURE COMPENSATING DEVICE 
FOR BATTERY RECHARGING SYSTEMS 

BACKGROUND TO THE INVENTION 

Battery manufacturers, in the past few years, have 
developed sealed, lead-acid maintenance-free batteries 
as a power source, or prime movers, for the tele- 
5 communications industry, telephone switching systems and 
the like, and in the computer industry for uninterrupted 
power supplies; they have found their way into 
automotive battery applications, and also as a future 
electric source in electric-motored automobiles. It is 

10 recommended, by such manufacturers of lead-acid 

maintenance-free batteries that the optimum operating 
temperature for the longest life of the battery be 
maintained at 25 # C. The battery life is considerably 
shortened (and in some cases to less than half of the 

15 expected life), if such is not maintained during the 
charging cycle, or trickling charge cycle, for the 
batteries. 

It is known that the internal resistance of such 
batteries decreases as the battery temperature rises 

20 either as a result of extra current flowing through the 
battery, or because of the ambient (room) temperature 
increases. The decreased resistance through the battery 
allows higher current flows leading to the generation by 
the battery of more heat. If left unchecked, such 

25 condition results in thermal runaway. It is known that 
such are major problems with batteries which are also 
used on power back-up systems, as aforesaid noted. 

Conversely, overcharging or over-temperature 
rising will allow such sealed batteries to "gas", and 

30 under extreme conditions to explode or bulge or blow out 
the seal on the battery thus, effectively ending the 
battery's life. The loss of the integrity of the 
battery generally causes substantial ancillary damage to 
equipment and pers nnel. 

35 ENG, in U.S.A. Patent No. 4,847,547 issued n 11 

July, 1989 discloses a battery charger with a 
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temperature compensation circuit which is integral to 
the battery charger system itself. It compensates for 
ambient temperature variations, but not for battery 
temperature variations. 
5 Similarly, WORTMAN, in U.S. A Patent No. 4,663,580 

issued on 5 May, 1987 discloses a sealed lead-acid 
battery float charge and power supply provided with a 
pre-determined non-linear temperature co-efficient 
located within the power supply that provides a pre- 

10 determined nonlinear temperature co-efficient by using a 
linear temperature co-efficient element (a forward 
biased silicon diode) and a nonlinear temperature co- 
efficient element (thermistor) in combination. 

COOPER et al., in U.S.A. Patent No. 4,667,143 

15 issued on 19 Hay, 1987 discloses a battery charger 
having temperature compensated charge rates. The 
circuitry disclosed is one of a battery charger 
providing a control circuit for switching the type of 
regulation in response to the current, voltage and 

20 temperature signals, but the temperature signal is one 
of ambient temperature and not of battery temperature. 
It is only the battery temperature which affects the 
internal impedance of the battery during the recharging 
cycle. 

25 It is an object of the invention therefore to 

adjust, in response to the battery temperature, the 
recharging voltage to a battery. 

It is a further object of the invention to 
regulate the voltage on recharge to within 1% throughout 

30 the recharging temperature range. 

It is a further object of the invention to provide 
a battery-temperature-compensating device which is able 
to be retro-fitted to existing battery chargers, hence 
avoiding the need for expensive replacement of battery 

35 charging devices. 
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THE INVENTION 

The invention achieves the foregoing by the use of 
a temperature-sensing element, preferably an integrated 
circuit, physically mounted on the battery to sense the 
5 temperature of the battery. The same is connected by 
appropriate electrical leads to a monitoring circuit 
which proportionately regulates, in response to the 
temperature of the battery, the voltage applied by a 
battery charger electrically connected to the battery, • 
10 whereupon regulation follows along a linear graph, over 
the preferred operating range of -40 *C to +60 # c as a 
preferred linear voltage compensation between the 
temperatures ranging from 0 # C to 50 *c at voltages of - 
2.5 to -4.5 mV/*C/cell (60-108mV/*C/string) ; but the 
15 slope of the linear compensation can be changed 

depending upon the type of batteries being recharged and 
the total voltage of the^ battery pack string. 

It can be observed from the foregoing that a 
realistic summertime day-to-night temperature change of 
20 about 15 # C will result in the equivalent of a 900-1620mV 
change in the reference voltage (sometimes called, 
herein, the "float voltage") that should be effectively 
applied (negatively) to the battery as it's temperature 
rises during recharging; and, as is disclosed herein, 
25 this is achieved even with existing battery charging 

units (sub. nom.) rectifiers (R) connected to existing 
battery recharging systems. 

The invention achieves, in response to the actual 
ambient or current temperature of the battery, during 
30 its recharging cycle, a dynamic changing of the 

recharging voltage applied to the battery terminals by 
changing the recharging reference voltage or "float 
voltage", through the range of -1.5 volts to +1.5 volts, 
as a deviation voltage ar und the preferred or 
35 recommended recharging voltage, for recharging purposes, 
(the null point) f r any given temperature, which 
generally is the actual recharge v ltage, per cell; r, 
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battery, at the reference temperature for the battery; 
namely, 25 *C. 

The invention will now be described by way of 
example and with reference to the accompanying drawings 
5 in which: 

Figures 1A and IB are block and circuit diagrams 
of the preferred embodiment. 

Figure 2 is a typical voltage vs. temperature 
10 graph of "compensating" or "float voltages" for a 

nominal 24V battery string having 24 operating lead* 
acid cells. 

Figure 3 is a circuit diagram, illustrating the 
outboard compensating system, according to the 

15 invention, interconnected between a battery bank (BB), 
for recharging a plurality of serially connected 
batteries (BAT), and a battery charger (R) for 
recharging the same. 

Figure 4 is a top plan view, of the sensor housing 

20 and in phantom, showing the sensor (S) and connecting 
cable, in a side elevational view of the sensor 
adhesively attached to the side of a battery being in 
the battery bank string of figure 3. 

Referring to figure 2 there is plotted, the — 

25 preferred reference of said voltages (V) depicted, 
according to battery temperature, in centigrade, as 
against voltage that is voltage deviating around the 
meridian which for lead acid batteries of 24 cells is a 
nominal 48 volts. Where other voltage strings are used, 

30 or other different lead-acid batteries of different 

manufacturers are used, or when batteries of a different 
type are used, for instance, nickel cadnium battery, the 
slope of the line passing through the null point (NP) 
needs to be changed, and this is accomodated by the 

35 switches in switch (SI), in figure IB, switching the 

resistances (RN3) and (RN4) in or out of the circuit to 
be described with reference t figure IB. 
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Referring to figure 1, it is a composite block 
float diagram and detail circuit diagram. 

The circuit in its present form was designed for 
use with voltage regulated rectifiers and 24 cell 
5 battery strings. The required co-efficient of 

compensation is about -72mV/C # and is constant with 
varying temperature. The prototype has a measured co- 
efficient of 0.71.49mV/C*. The compensator is spliced 
into the reference leads and takes its power from the 

10 battery and its output drives the reference input of the 
rectifier. The compensator will develop a voltage 
between input and output terminals, increasing 
proportionally to the temperature. 

Referring to figure 1, JF2 is a connector 

15 connected to a battery bank (BB), see figure 3, at one 
end, and through a fuse element to Block A, an 
oscillator and output buffer, for generating a square 
wave of the voltage on JP2. Block A connects to voltage 
multiplier and regulator, Block B, their combined output 

20 feed into summing amplifier Block D which is controlled, 
in part, by reference voltage generator (C) having a 
reference means, refl. From the summing amplifier and 
the reference voltage generator, some voltage is fed to 
a slope-selection circuit, Block F. Block F is designed 

25 to accommodate various types of batteries requiring 
different slopes for the purposes of charging, by 
various selections of the switches, (SI) through (S4) in 
Block F. Slopes of -60, -72 , -84, -96 , or, -108 
millivolts per centigrade degree can be obtained for the 

30 purposes of feedback, as will be described in detail 

hereafter, see figure IB. The output from the summing 
amplifier, Block D, is passed through a voltage 
amplifier and output buffer (E), for connection to 
reference leads (JP3), which are eventually connected to 

35 the charger (R,100). The differ ntial in voltage at JP3 
and JP2, following the chart of figure 2, maintains the 
voltage f r charging, when a battery charger 100 is 
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connected in accordance with figure 3 to the battery 
bank (BB), and to the circuit of figures 1A and IB, to 
maintain the voltage across the terminals of the battery 
bank (BB) , so as to follow along the linear slope of the 
5 graph of figure 2. The connections ( JP3) connect 

directly to the charger (R,100), as seen in figure 3 and 
provide a feedback of a voltage so that the output from 
the charger (B/0+-) can change as it is applied to the 
positive and negative terminal of the battery bank (BB). 

10 Referring to the oscillator and output buffer 

Block A, the negative terminal of a battery string is 
connected to plug (JP2) and fed by a fuse (Fl), through 
resistor R4, into the collector of transistor Q3 which, 
with Ql, acts as switching elements of an astable 

15 multivibrator, also consisting of capacitors CI and C2 
interconnected between base and collectors of these 
transistors. The resistors Rl, R2, R4 and R5 are 
appropriately connected to either base or to collectors 
so as to establish the multivibrating circuit while the 

20 emitters of both transistors are interconnected in the 
normal fashion. The frequency of oscillation is 
determined largely by the RC constant of (C1,R5), 
(C2,R1) and is about, preferably, 8 kHz with this 
configuration. Transistors Q2 and Q4 form a 

25 complementary push-pull buffer, driven by Ql of the 

multivibrator aforesaid described, since the bases of Q2 
and Q4 are interconnected, as are the emitters. The 
collector of Q4 is connected to the emitters of the 
multivibrator Q3 and to the collector resistor R4. 

30 Thus, the -50 volt battery input, from connector JP2, is 
chopped into a squarewave between 0 volts and -50 volts 
with a frequency of about 8kHz. 

Referring to the voltage multiplier and regulators 
Bl ck B, there are two voltage multipliers and both are 

35 driven by the oscillator and Q4-Q2 buffer of Bl ck A. 
The first v ltage doubler is an inverting doubler 
consisting of capacitors C4, C6 and serially connected 
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diodes D5 and D6. The capacitor C4 has its other lead 
connected to the output of the oscillator and buffer 
Block A, as noted. The output of this inverting doubler 
consists of +50 volts and is passed through resistor R3 
5 to supply current to a reversed bias Zener diode D2, 

fixing the reference voltage output thereat, because of 
filter capacitor C7 which is parallel to the Zener, at 
+15 volts. This now acts as the positive part of the 
power supply for the operational amplifiers of figure 1. - 

10 Within Block B is a second voltage multiplier that 

in fact is a doubler and has its output voltage 
referenced at twice the battery voltage or approximately 
-100 volts DC. It consists of capacitor components C3 
and C5 and series diodes D4 and Dl, wherein the 

15 capacitor C3 is connected between the junction of the 
two diodes to the oscillator and output buffer Block A 
and to the common lead of capacitor C4. The cathode of 
the diode D4 is connected through series resistor R16 to 
the cathode of Zener diode D3 whose cathode is connected 

20 in series to Zener diode D2 and is in parallel to a 

filter capacitor C8 whereby a common reference voltage 
of -15 volts is developed along the anode side of Zener 
D3 to become the negative part of the power supply from 
the remainder of circuitry of figure 1. A doubling of 

25 voltage takes place at the cathode side of diode Dl so 
that the output voltage thereat is -100 volts. The 100 
volts is used to supply power to the output amplifier 
stage Block E. 

Block C is a reference voltage generator. It 

30 consists of a stable reference voltage element refl 

having an output of 2.5 volts to operational amplifier 
U3. The other input of the operational amplifier U3 is 
connected through a potentiometer R23 in series, at one 
. end, to resistor R21 and ground; the other end of the 

35 pot ntiometer, thr ugh resistor R22 is connected to the 
output of the perational amplifier U3. The 
potentiometer R23 is used t adjust the voltage of the 
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output, at pin 6 of the operational amplifier U3 and to 
"pad out" any errors caused by component tolerances 
used. Preferably, the output voltage of the operational 
amplifier U3 is nominally at +2.98 volts. With a probe 
5 temperature at 25 *C which is connected to point Jl, the 
output of the operational amplifier U3, is adjusted by 
R23 so that there is no voltage difference between input 
and output terminals JP2 and JP3 of figure 1. 

Referring to figure 3, a temperature sensing 

10 element, S, such as a LM335, being an integrated 

circuit, is mounted on the physical surface of a battery 
BAT, such that the sensing element S is not subjected to 
any air currents circulating about the battery BAT. The 
sensing element S has an output linearity proportional 

15 to temperature with a slope of 10 millivolts per degree 
Celsius, for the lead-acid batteries. At 25*C, the 
output is approximately 2.98 volts. The sensing element 
is driven from the negative power supply; -15 volts, of 
the voltage multiplier regulator Block B so that the 

20 output thereof is always negative with respect to the 
circuit ground of the compensator of figure 1. The 
output of the reference voltage generator Block C feeds 
into summing amplifier, Block D, which has an 
operational amplifier U2 and a bank, RN1 is provided for 

25 a plurality, 7 in number, of resistive inputs in order 
to provide various slopes, for various battery 
manufacturers' published specifications of slope. The 
summing amplifier has three weighted inputs, one of 
which is the 2.98 volt reference from U3, serially 

30 connected through input resistor R6 to provide a forward 
gain of 1.2 for U2. The output from the temperature- 
sensing element, or temperature sensor TSE, which is 
-2.98 volts at 25 # C is connected to the outer input 
through resistor R7 with a gain of 1.2. The negative 

35 terminal of the battery is connected to the third input, 
from JP2 is c nnected to pin 8 of resistor netw rk RN1 
for a gain 1/6. A gain of 1.2 for the reference REF1 
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and the temperature sensor TSE will cause battery 
voltage to vary -72 millivolts per # C and will be a 
normal rest position. However, some batteries, because 
of their manufacture, may require different slopes. To 
5 allow for slope variation, reference offset to *C 

(figure 2), a network of resistors comprising any or all 
of the elements RN3 and RN4, slope selection circuit, 
Block F, can be connected in parallel with resistor R6 
and also with resistor R7 respectively, using the 

10 various switches located in switch SI so that various 
slopes in the following ranges can be achieved; -60, 
-72, -84, -96, and -108 millivolts per # C. The feedback 
resistor for the operational amplifier U2 is in fact, 
parallel resistors 1 through 6 of RN1 which is connected 

15 to the output terminal 6 of the operational amplifier 

U2. Because the resistance and also the temperature co- 
efficient of the resistive elements are close, a fairly 
accurate and stable gain for this operational amplifier 
U2 can be selected for battery strings of selected 

20 voltage ranges, i.e., 36 volts, 24 volts, or 12 volts by 
selecting the resistors of RN1 in or out of the circuit. 

Referring to voltage amplifier and output buffer, 
Block £, the same consists of an operational amplifier 
Ul, and transistor Q5, operating as a Class "A" 

25 amplifier, has the base of Q5 connected through resistor 
R13 to the output of operational amplifier Ul, providing 
temperature-compensated voltage to the reference 
terminals of the battery charger connected to JP3. This 
circuit has a gain of 6 , which is set by using a single 

30 resistive network RN2. U2 is a low offset type and 
thus, the trimming of potentiometer R17, connected 
between terminals 1, 8 and 7 of the operational 
amplifier Ul, is not normally needed. 
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WE CLAIM: 

1. A battery temperature compensating assembly (TS) 
5 for regulating the charge to a battery (BAT, BB) with a 

charging voltage (V), while monitoring the temperature 
(T) of the battery (BAT) during recharging, 
characterized by means for sensing (S) the temperature 
(T) of the battery (BAT) being charged and for 
10 controlling voltage (V, figure 2) and hence, the charging 
current to the battery (B) in conformity with the 
disclosure herein. 

2. A method of regulating the voltage (V) applied to 
15 a battery (BAT) when the battery (BAT) is being 

recharged characterized by the steps of: 

(a) measuring the temperature (T) of the battery 
(B) during recharging; and, 

(b) adjusting (T.S., JP3, JP2, JP1) the voltage 
20 (V) applied to the terminals (JP2-, JP+) of the battery 

(BAT) in negative conformity (figure 2) with the 
temperature (T) of the battery (BAT) whereby to keep a 
predetermined charging current flowing through the 
battery (BAT), irrespective of the battery transient 
25 temperature (T) . 

3. The battery compensating assembly (TS) , as claimed 
in claim 1, wherein the temperature compensating 
assembly (TS) additionally comprises: 

30 (a) an oscillator and buffer module (A) with input 

from a battery connector (JP2) that provides output to; 

(b) a voltage multiplier and regulator module (B) 
providing operating voltages; 

(c) a reference voltage generator module (C) 
35 including a reference sub-m dule (REF1) and an 

operational amplifier (U3) generating an operating 
v Itage t ; 
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(d) a sunning amplifier module (D) including a 
resisitve bank (RN1) and operational amplifier (U2) 
connected to; 

(e) a voltage amplifier and output buffer module 
5 (E) having an input from the summing amplifier module 

(D) to an operational amplifier (Ul) providing for a 
given gain in accordance with the resistance (RN2) 
across its inputs (Ul-3,2) the output of which passes 
through a transistor (Q5) to provide a voltage to 
10 connector ( JP3) connect with its respective negative and 
positive terminals to a battery recharging unit (R f 100). 

4. The battery temperature compensating assembly 
(TS), as claimed in claim 3, including means (RN3, RN4) 

15 for changing the resistance across the summing amplifier 
module (D) and hence, the slope (figure 2) of the 
compensation voltage, selectively, by a predetermined 
amount, according to the type of the batteries used, 
selected from lead-acid batteries and nickel -cadnium 

20 batteries, and the number of batteries (BAT) in a 
recharging battery bank (BB). 

5 • The battery charging assembly , as claimed in claim 
4, wherein the co-efficient is about -72mV/C". 
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AMENDED CLAIMS 

[received by the International Bureau on 25 August 1993 (25.08.93); 
original claims 1-5 replaced by amended claims 1-8 (3 pages)] 

1. A battery temperature compensating assembly (TS) 
5 for regulating the charge to a battery (BAT, BB) with a 
charging voltage (V), at terminals (JP2- JP2+) of the 
battery (BATBB) while monitoring the temperature (T) of 
the battery (BAT) during recharging, characterized by 
means for sensing (S) the temperature (T) of the battery 
10 (BAT) being charged and for controlling voltage 

(V, figure 2) at the terminals (JP2- JP2+) and hence, the 
charging current to the battery (B) in conformity with 
the disclosure herein. 

15 2. A method of regulating the voltage (V) applied to 
a battery (BAT) when the battery (BAT) is being charged, 
in either full recharge of float charge mode and to 
inhibit overheating of" the battery (BAT), during 
recharge, characterized by the steps of: 

20 (a) measuring the temperature (T) of the battery 

(B) during said recharging; and, 

(b) adjusting (T.S., JP3, JP2, JP1) the voltage 
(V) applied to the reference terminals (B/0-, B/0+) of 
the battery charger (R,100) in negative conformity 

25 (figure 2) with the temperature (T) of the battery (BAT) 
whereby to cause a predetermined change in voltage to be 
applied to the battery (BAT) and hence, a relative 
change in the current flowing through the battery (BAT), 
irrespective of the battery transient temperature (T). 

30 

3. The method as claimed in claim 2, wherein the 
temperatures (T), that is sensed, is that of the outside 
skin of the battery (BAT). 

35 4. The battery c mpensating assembly (TS), as claimed 
in claim 1, wherein the temperature compensating 
assembly (TS) additionally comprises: 



WO 94/05069 



PCT/CA92/00367 



14 

(a) an oscillator and buffer module (A) with input 
from a battery connector (JP2) that provides output to; 

(b) a voltage multiplier and regulator module (B) 
providing operating voltages; 

(c) a reference voltage generator module (C) 
including a reference sub-module (REF1) and an 
operational amplifier (U3) generating an operating 
voltage to; 

(d) a summing amplifier module (D) including a 
resistive bank (RN1) and operational amplifier (U2) 
connected to; 

(e) a voltage amplifier and output buffer module 
(E) having an input from the summing amplifier module 
'(D) to an operational amplifier (Ul) providing for a 
given gain in accordance with the. resistance (RN2) 
across its inputs (Ul-3,2) the output of which passes 
through a transistor (Q5) to provide a voltage to 
connector ( JP3) connect with its respective negative and 
positive terminals to a battery recharging unit (R,100). 

5. The battery temperature compensating assembly 
(TS), as claimed in claim 4, including means (RN3, RN4) 
for changing the resistance across the summing amplifier 
module (D) and hence, the slope (figure 2) of the 
compensation voltage, selectively, by a predetermined 
amount, according to the type of the batteries used, 
selected from lead-acid batteries and nickel-cadmium 
batteries, and the number of batteries (BAT) in a 
recharging battery bank (BB) . 

6. The battery temerature compensating assembly (TS), 
as claimed in claim 5, wherein the slope co-efficient 
(Fig. 2) is about -3mV/C*/cell. 



35 



7. The battery charging assembly (TS) as claim d in 
claims l, and 4 through 6, characterized in that the 
assembly (TS) is discrete from a voltage supply (R) and 
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is characterized in having leads adapted for connection 
to battery terminals (JP2-, JP2+) on the one hand, and 
to the direct current voltage supply (R), on the other 
hand (JP3-, JP3+), the terminals (JP2- and JP2+), being 
in parallel with the output voltages respectively (B/0-, 
B/O+) of the voltage supply (R) . 

8. The battery compensating assembly (TS), as claimed 
in claim 1 and 4 through 7, wherein the temperature 
sensing means (s) is affixed to the outside skin of the 
battery (BAT). 



